Introduction: This analysis compared the cost-effectiveness of once-daily regimens of mirabegron 50 mg and generic tolterodine ER 4 mg in a hypothetical cohort of previously treated patients with overactive bladder (OAB) in Canada. Methods: A Markov model was developed to represent different health states according to OAB symptoms (frequency, incontinence), presence/absence of adverse events (AEs; dry mouth, constipation, blurred vision), and treatment status (on-treatment, discontinue treatment, restart previous treatment). The time horizon used was one year, with monthly transitions between health states. The model was populated using data from a phase 3, placebo-controlled trial of mirabegron that included tolterodine as an active comparator (SCORPIO), as well as other published literature and expert opinion. Cost-effectiveness was calculated from Canadian public payer (based on Quebec list prices) and societal perspectives. Results: The incremental one-year cost per patient for mirabegron over tolterodine was $182 CAD and $157 CAD from the payer and societal perspectives, respectively. The incremental quality-adjusted life year (QALY) gain for mirabegron was 0.0066 when using EQ-5D health-state utilities. Mirabegron was cost-effective compared with tolterodine, from both payer and societal perspectives, and remained cost-effective vs. tolterodine across the majority of sensitivity analyses. The model was based on limited clinical trial evidence supplemented with expert opinion and assumptions; a select number of OAB symptoms, AEs, and direct and indirect medical costs associated with OAB; and a timeframe of only one year. Conclusions: From the payer and societal perspectives, the health economic model indicates that in Canada, mirabegron is a cost-effective treatment strategy compared with tolterodine, leading to improved health outcomes (QALYs) at an acceptable incremental cost.
Introduction
Overactive bladder (OAB) is a bothersome condition with a relatively high prevalence in the general population. In a survey of over 16 500 subjects aged ≥40 years in six European countries, the prevalence of OAB was 16.6%. 1 In a subsequent survey of over 19 000 subjects aged ≥18 years in Canada and Europe, the prevalence of OAB was 11.8%. 2 Two large surveys have also been conducted in Canada, showing prevalence rates of 12-18%. 3, 4 OAB has a substantial negative impact on patients' health-related quality of life (HRQoL) and mental health. 5 The cardinal symptoms -urgency with or without incontinence, usually associated with frequency, and nocturia 6 interfere with basic activities of daily living, such as work, travel, sleep, interpersonal activities, sexual function, and physical activities. 7, 8 Studies have often focused specifically on the impact of incontinence, but it has been shown that frequency and urgency, which are more prevalent, are as bothersome as urgency incontinence. 1 In terms of mental health, it is estimated that approximately one-third of men and women with lower urinary tract symptoms may have comorbid clinical anxiety and/or depression. 9 In addition, it has been shown that the prevalence of depression in those with OAB is two-fold higher than in the general population (10.5% vs. 4.9%, respectively; p<0.0001). 10 At a societal level, OAB is associated with substantial healthcare costs. In Canada, the total excess cost attributed to OAB, excluding nursing care and lost productivity, was approximately $576 000 000 in 2009; this rose to over $640 000 000 when lost productivity was taken into account. 11, 12 Treatment options for OAB can be broadly divided into conservative, pharmacological, and surgical. 13, 14 Antimuscarinic agents represent a common drug treatment option for OAB that has been used for over 30 years.
14 Meta-analyses of data from clinical trials comparing antimuscarinics with placebo report statistically significant improvements in favour of active treatment for the proportion of patients returning to continence; mean number of incontinence episodes and micturitions per day; and volume voided per micturition. 15, 16 Antimuscarinic side effects are well-characterized and include dry mouth, constipation, and occasionally blurred vision, central nervous system (CNS) effects, and urinary retention. [17] [18] [19] [20] Meta-analyses also indicate that antimuscarinics have different efficacy and tolerability profiles, which may help guide treatment choice. 21, 22 However, it is also wellknown that antimuscarinic agents might not be effective in all patients, and tolerability may be an issue. 23 vision may contribute to the low adherence rates reported with pharmaceutical database studies, 24 as well as treatment discontinuation. 23 In one study, which included 377 patients with OAB, the median time for persistence with first-line antimuscarinics was 6.5 months. 23 In addition, an analysis of prescription data from almost 5000 patients with OAB in the U.K. revealed 12-month adherence rates of 26% for oxybutynin extended-release (ER), 28% for tolterodine ER, 26% for trospium, 35% for solifenacin, and 17% for darifenacin. 25 A more recent study of prescription data from over 31 700 patients starting OAB medication in Canada showed that approximately 72% had discontinued treatment in the first year, while approximately 91% discontinued during the fouryear followup. 26 Furthermore, of those who discontinued, only 12.5% were switched to an alternative medication. 26 Thus, there is clearly a need for alternative pharmacological treatments for first-and second-line use in OAB.
Mirabegron is a potent, selective b 3 -adrenoceptor agonist for the treatment of OAB. It is the first of a new class of compounds with a mechanism that differs from the antimuscarinic agents. 27 In a pre-specified pooled analysis of three 12-week, randomized, placebo-controlled studies (one of which also included a tolterodine ER 4 mg arm), mirabegron (50 mg and 100 mg once-daily) was associated with statistically significant reductions in incontinence episodes, frequency, and urgency compared with placebo. 28 The pooled analysis included an active-controlled study (SCORPIO), designed to compare the efficacy between mirabegron and placebo, as well as tolterodine ER (4 mg once-daily; included as an active control to placebo). The study, showed statistically significant reductions in incontinence episodes and micturition frequency (the co-primary endpoints) for mirabegron vs. placebo, but not for tolterodine ER 4 mg vs. placebo. 29 In addition, mirabegron significantly improved patients' perception of disease and HRQoL vs. placebo. 30 Furthermore, in a post-hoc analysis of the SCORPIO trial, designed to evaluate efficacy in treatment-naïve patients and in those previously treated with an antimuscarinic, mirabegron demonstrated significant reductions in frequency and incontinence in both subgroups, while the response to tolterodine ER 4 mg was similar to placebo. 31 The pooled analysis also demonstrated that the tolerability profile of mirabegron was similar to that of placebo and tolterodine ER 4 mg, with the exception of dry mouth, where the incidence was five times higher with tolterodine ER 4 mg than with mirabegron. 32 In a review of clinical trials of up to 12 months, the most common adverse events (AEs) observed with mirabegron were hypertension, nasopharyngitis, and urinary tract infection. 33 Real-world experience (based on data from >19 000 patients treated for OAB in Canada) indicates that mirabegron provides greater persistence and adherence than antimuscarinic agents. 34 The objective of the current analysis was to evaluate the cost-effectiveness of mirabegron vs. generic tolterodine ER 4 mg in previously treated patients with OAB from Canadian healthcare and societal perspectives.
Methods

Model overview
A Markov model was developed to compare the cost-effectiveness of licensed doses of mirabegron (50 mg once-daily) and generic tolterodine ER (4 mg once-daily) in a hypothetical cohort of previously treated patients with OAB in Canada. Although 25 mg and 50 mg doses of mirabegron are licenced in Canada, the 50 mg dose only was used in this analysis, as the lower dose was not assessed in the SCORPIO trial. Tolterodine was chosen as the comparator because there is a phase 3, placebo-controlled trial of mirabegron in patients with OAB that includes tolterodine ER 4 mg as an active comparator (SCORPIO; ClinicalTrials. gov identifier, NCT00689104). 29 This decision was subsequently justified by data from the analysis by Wagg et al, which showed that tolterodine ER was the most commonly used second-line OAB medication for patients who were switched in Canada. 26 Generic tolterodine was used in the model based on the recent availability of this formulation in Canada; a cost-effectiveness analysis of mirabegron vs. branded tolterodine was previously conducted. 35 The population (i.e., previously treated patients) was chosen to reflect current Canadian reimbursement guidelines, which recommend trial of antimuscarinic agents as first-line treatment for OAB. 14 The time horizon was one year, which was deemed sufficient to capture the healthstate utilities and costs that accrue from management of OAB, including treatment discontinuation.
The structure of the model was based on that developed by Aballéa et al. 36 It included different health states, determined according to the symptoms of OAB, the presence or absence of AEs, and treatment status. Transitions between different health states were possible at one-month intervals. The symptoms were micturition frequency and incontinence episodes (the co-primary endpoints of the SCORPIO study), each of which had five levels of severity (Table 1) . AEs considered in the model were dry mouth, blurred vision, and constipation. In terms of treatment status, patients could remain on current treatment, discontinue treatment, or restart previous treatment. The model was run in parallel for each symptom, generating a distribution of patients by severity level at monthly intervals over one year; average costs and health-state utilities were then calculated based on these distributions.
Quebec was selected for the basis of drug and physician visit costs, as it was the first Canadian province to include mirabegron on its reimbursement formulary. In addition, Quebec has a unique reimbursement system, i.e., it is the only Canadian province that adopts a single-payer system comparing OaB treatments in canada and includes societal perspectives within their health technology assessments.
Cost-effectiveness, presented as incremental cost savings, quality-adjusted life-years (QALYs) gained, and incremental cost-effectiveness ratios (ICER), was calculated from both public payer (Régie de l'assurance maladie du Québec) and societal perspectives.
Treatment pathway
The model compared treatment with mirabegron 50 mg once-daily and tolterodine ER 4 mg once-daily in previously treated patients. At the end of the first month, patients could: transition to a lower (L n-1 ) or higher (L n+1 ) symptom severity or stay at the same level (L n ); develop or not develop AEs; and discontinue treatment or stay on current treatment (Supplementary Fig. 1 ; available at www.cuaj.ca). On subsequent months, those who had discontinued treatment could remain without treatment or restart their previous treatment; it was assumed that they would not switch to another drug. Patients who experienced AEs had a higher probability of discontinuing treatment, but could stay on treatment and incur a disutility associated with the AE(s).
Probabilities of improvement or worsening of symptoms may differ in the short-and long-term and the model was designed to account for this. Thus, the probability of improvement was greatest in the first month following treatment initiation, but decreased progressively and was assumed to be constant after three months.
Clinical model inputs
Clinical inputs were based on data from the published literature and/or expert opinion (Table 2) . AE data were taken from the subgroup of previously treated patients in the SCORPIO study (49.6% of the total study population) 29, 31 and transition probabilities between symptom levels were obtained by applying multinomial logistic regression models to the SCORPIO data. Three transition matrices were produced for each type of symptom: one for the transition between baseline and the first month; one between the first and second months; and one between the second and third months (Supplementary Table 1 ; available at www.cuaj.ca). For patients staying on treatment beyond three months, the transition between the second and third months was reapplied for the cycle from the third to fourth months and subsequent monthly cycles until discontinuation. For patients discontinuing treatment, severity distributions were assumed to be the same as baseline.
Probabilities for discontinuation of mirabegron and tolterodine ER 4 mg were based on the literature 34 and expert opinion. It was assumed that a small percentage of patients (5.6%) would restart treatment following discontinuation; this was based on the observation that 14% of patients stop treatment because their OAB symptoms improve 44 and the assumption that 50% annually would require retreatment for worsening symptoms after discontinuation. In this scenario, it was assumed that patients would always restart treatment with their original therapy, i.e., they would not switch treatments.
Health state utilities, resource use, and costs
Health state utility values were derived from the EQ-5D index scores (based on the U.K. time trade-off tariff 45 ) and OAB-q, a five-dimensional health classification system derived from the validated Overactive Bladder Questionnaire (OAB-q), 46 which were collected as part of the SCORPIO study 29, 30 using a mapping algorithm. Health state utilities according to symptom severity were derived by applying a linear regression model to the EQ-5D and OAB-5D scores, with adjustment for age, gender, and country. 38 Resource use inputs included in the model were primary care and specialist consultations, and incontinence pad use. Consultation estimates were based on expert opinion, as these data are not available in the literature. Incontinence pad use was based on interpretation of data from the SCORPIO study 29, 30 by the experts consulted for this analysis. Pad use began at severity level 3 (one pad/day), increasing to two pads/day at level 4 and three pads/day at level 5.
All costs were reported in 2015 Canadian dollars ($CAD).
47
Unit costs for primary care and specialist consultations were based on the Quebec schedule, while other unit costs were derived from official list prices for Quebec 39, 41, 42 and published literature in the Canadian setting. [40] [41] [42] 48 Unit costs per incontin- Symptom severity cutoff points between different levels were roughly based on qui ntiles for each number in pooled data from three pivotal, randomized trials of mirabegron: SCORPIO, 29, 31 ARIES, 28 and CAPRICORN. 37 Patient distribution was based on the SCORPIO study. 29, 31 Patients could have differing severities for each symptom and were, therefore, described using the format (Mx, Iy); for example, a patient described as (M2, I3) has 8-10 micturitions per day and 1-2 incontinence episodes.
herschorn et al.
ence pad were taken from a Canadian pharmacoeconomic analysis investigating OAB. 40 No discounting was conducted, as the time horizon of the analysis was of a one-year duration.
For the payer perspective, only direct costs associated with the management of OAB were included (OAB medications, incontinence pads, and healthcare consultations). For the societal perspective, loss of productivity was also included, based on absenteeism for primary care or specialist visits, as well as the impact of daily number of micturition and incontinence episodes on the percentage work time missed, which was estimated using a linear regression model with adjustment on age, gender, and country. This monthly cost of absenteeism was calculated as the percentage of work time missed (using data from the Work Productivity and Activity Impairment questionnaire in SCORPIO) multiplied by Canadian gross monthly earnings 48 and the proportion of patients with OAB of working age. Based on an estimated mean age of 60 years, 28 it was estimated that approximately 34.7% of patients would still be employed.
Model assumptions
Key assumptions for the conduct of the model are summarized in Supplementary Table 2 (available at www.cuaj.ca).
Sensitivity analyses
Deterministic and probabilistic sensitivity analyses (DSA and PSA) were undertaken to test the robustness of the model to changes in key parameters. The following parameters comparing OaB treatments in canada were evaluated in the DSA: time horizon; monthly probability of having a dry mouth AE; monthly probability of discontinuation of mirabegron without AE; monthly probability of discontinuation of tolterodine ER 4 mg without AE; monthly probability of restarting treatment; monthly probability of switch after discontinuation; utilities by symptom levels (micturition and incontinence); and distribution across severity groups at baseline (micturition and incontinence). For the PSA, the following distributions were used: Dirichlet for baseline characteristics; lognormal for resource use; beta for compliance parameters and AEs; and normal for utilities.
Results
Base-case scenario (Table 3) From the public payer perspective, the mean total annual direct cost associated with mirabegron 50 mg treatment was $1043 CAD per patient, compared with $860 CAD for generic tolterodine ER 4 mg, producing an incremental cost of $182 CAD with mirabegron 50 mg compared with tolterodine ER 4 mg. From a societal perspective, the costs of mirabegron 50 mg and generic tolterodine ER 4 mg over one year were $1389 CAD and $1232 CAD, respectively, resulting in an annual incremental cost of $157 CAD with mirabegron 50 mg. When utilities were measured using EQ-5D, mirabegron 50 mg and tolterodine ER 4 mg were associated with gains of 0.7904 and 0.7838 QALYs, respectively, over one year. This represented an incremental QALY gain of 0.0066 for mirabegron 50 mg. The corresponding incremental QALY gain with mirabegron 50 mg was 0.0109 when utilities were measured using OAB-5D.
The ICER demonstrated that mirabegron 50 mg was cost-effective over generic tolterodine ER 4 mg from both Canadian public payer and societal perspectives, and irrespective of the utilities used (EQ-5D and OAB-5D).
One-way sensitivity analysis
ICERs were robust over a wide range of sensitivity analyses, but were most sensitive to the severity of micturition at baseline. Mirabegron was cost-effective (i.e., ICER below the $50 000 CAD threshold) compared with tolterodine ER 4 mg in 18 out of 22 one-way sensitivity analyses conducted using both high-end and low-end values. A tornado diagram is presented in Fig. 1 .
Probabilistic sensitivity analysis (PSA)
Multivariate PSAs (1000 iterations) were carried out to determine the robustness of the results to variations in several parameters at once. Fig. 2 provides the cost-effectiveness acceptability curve of mirabegron compared with tolterodine ER 4 mg from the public payer perspective. In more than 80% of iterations, the ICER was below a willingness-to-pay threshold of $50 000 CAD per QALY vs. tolterodine ER 4 mg from the public payer perspective. Results were similar from a societal perspective.
Discussion
The results of the current analysis demonstrate that mirabegron 50 mg is a cost-effective strategy compared to generic tolterodine ER 4 mg in previously treated patients with OAB, both from public payer and societal perspectives in Canada. Mirabegron is associated with additional annual cost of $182 CAD (payer) and $157 CAD (societal), and QALYs gained of 0.0066 (EQ-5D) and 0.0109 (OAB-5D). The one-way sensitivity analysis showed that mirabegron remained cost effective in 18/22 scenarios and the PSA demonstrated the probability of it being cost-effective compared with tolterodine ER 4 mg was >80% at a willingness-to-pay threshold of $50 000 CAD per QALY. These results reflect differences in the efficacy and tolerability profiles of mirabegron and tolterodine ER 4 mg in the clinical trial on which the analyses are based, 29 as well as improvements in patient-reported outcomes with mirabegron. 30   Table 3 . Total costs, QALYs and cost-effectiveness of mirabegron 50 mg and tolterodine ER 4 mg using EQ-5D and OAB-5D as utility measures herschorn et al.
Our data are consistent with those from a recent costeffectiveness analysis of mirabegron vs. tolterodine ER 4 mg from a U.K. National Health Service perspective. 36 Using a model similar to that in the current analysis, the ICER over a five-year horizon for mirabegron was £4386 per QALY gained, well below the U.K. willingness-to-pay threshold of £20 000. The ICERs in the current analysis were slightly higher than those reported for the U.K.; this likely reflects the greater relative difference in acquisition costs of generic vs. branded tolterodine ER 4 mg in Canada compared with the U.K. Furthermore, mirabegron was dominant (i.e., both less costly and more effective) vs. tolterodine in the Canadian cost-effectiveness analysis (reported here) when the cost of branded tolterodine ER 4 mg was used in the model. 35 The current analysis focused on previously treated patients with OAB, as current guidelines in Canada recommend firstline use of antimuscarinics.
14, 49 The Canadian Agency for Drugs and Technologies in Health also recommended, based on their clinical and economic review, that mirabegron is listed as second-line treatment option for patients who have failed an adequate trial of oxybutynin due to lack of efficacy or unacceptable side effects. 50 However, mirabegron is also indicated for first-line use and antimuscarinic agents may not be suitable for all patients because of AEs or contraindications. The extent to which the results of the current analysis can be extrapolated to treatment-naïve patients is not clear. However, it is notable that in a post-hoc analysis of data from the SCORPIO study, the effect of mirabegron in treatment-naïve patients was greater than that observed with tolterodine ER 4 mg. 31 A number of other antimuscarinic agents are available in Canada for treating OAB (oxybutynin, solifenacin, trospium, and fesoterodine). The cost-effectiveness of mirabegron vs. these agents in Canada is not known. However, a recent cost-effectiveness analysis of mirabegron vs. a range of antimuscarinic agents (conducted using a network metaanalysis) demonstrated that mirabegron was cost-effective in the U.K., with ICERs ranging from £367 (vs. solifenacin 10 mg) to £15 593 (vs. oxybutynin immediate release 10 mg) per QALY gained. 51 One of the main strengths of the current model was the use of data from a phase 3 trial of mirabegron and tolterodine ER 4 mg, thus improving the reliability of the results. Other strengths include: data analysis from both payer and societal perspectives; use of both generic and disease-specific utilities; and inclusion of the indirect costs of reduced work productivity in the societal perspective analysis. Indeed, as well as affecting patients' HRQoL, OAB also has a substantial impact on work productivity. It has been estimated that compared with age-matched controls, employees with OAB lose 2.2 additional days per year for medical reasons and 3.4 additional days per year as a result of disability. 52 Indeed, the indirect cost of lost work days associated with OAB was 73% ($391) higher per year compared with controls, exceeding other chronic conditions, such as stress urinary incontinence and bipolar disorder. 52 Furthermore, it has been shown that increasing adherence to OAB medication could potentially provide economic benefits to employers, as employees with greater adherence had significantly lower medical, sick leave, and short-term disability costs. 53 Transition possibilities between symptom levels -Mira -Micturition Utilities by symptom levels (Beta coefficients for EQ-5D) -Micturition Transition probabilities between symptom levels -Tol -Micturition Transition probabilities between symptom levels -Tol -Incontinence Transition probabilities between symptom levels -Mira -Incontinence Monthly probability of discontinuation without AE -Tol Distribution across severity groups at baseline -Micturition Utilities by symptom levels (Beta coefficients for EQ-5D) -Incontinence Distribution across severity groups at baseline -Incontinence Monthly probability of discontinuation without AE -Mira Monthly probability of restarting treatment Probability of having a dry mouth AE -Mira Monthly probability of having a dry mouth AE -Tol Monthly probability of discontinuation with AE Incontinence pad use per month Monthly probability of having a constipation AE -Tol Specialist visit GP visits Utility decrement associated with AE Probability of having a constipation AE -Mira comparing OaB treatments in canada
Mirabegron may provide a tolerability benefit compared with antimuscarinics, as it has placebo-like rates of bothersome anticholinergic-associated side effects, such as dry mouth a nd blurred vision. A 12-month study comparing mirabegron and tolterodine ER 4 mg in OAB reported that dry mouth, which contributed to the improved cost-effectiveness of mirabegron in the current analysis, was more frequently observed with tolterodine ER 4 mg. 54, 55 Anticholinergic side effects are also likely to affect medication persistence and adherence, which are reported to decrease one month after treatment initiation with antimuscarinics. 24, 56 Medication persistence and adherence are also reported to be important drivers of cost-effectiveness 57 and early real-world evidence in Canada suggests that median treatment persistence is greater with mirabegron (299 days or 196 days) compared to different antimuscarinics (96-242 days or 70-100 days) in previously treated and treatment-naïve patients, respectively. 34 As well as the AEs included in the model (i.e., dry mouth, constipation, and blurred vision), antimuscarinic agents are associated with a number of other well-established bothersome anticholinergic AEs, including an increased risk of cognitive dysfunction. 58, 59 Cognitive dysfunction was not included in the model, as there are no data on the comparative effects of mirabegron and tolterodine ER 4 mg.
Limitations to the model include the following: health states in the model were dependent upon micturition frequency and incontinence, the primary endpoints in the SCORPIO study, but not urgency. Nevertheless, mirabegron 50 mg significantly reduced the number of Grade 3 and 4 urgency episodes per day vs. placebo in SCORPIO and the mean change (-2.25) was similar to tolterodine ER 4 mg (-2.07). 29 Another assumption of the model was that OAB symptoms improve during the first three months of treatment and are stable thereafter; this is supported by data from the 12-month study comparing mirabegron and tolterodine ER 4 mg. 54, 55 Another assumption was that patients who discontinued treatment would not switch to another drug. Although information on this aspect of patient management is limited, there are data indicating that the majority of patients discontinue drug therapy after their first treatment. Willingness to pay (Canadian $ per QALY gained, thousands) Cost-effectiveness probability (%) Fig. 2 . Cost-effectiveness acceptability curve for mirabegron 50 mg vs. tolterodine ER 4 mg from the public payer perspective. ER: extended release; QALY: quality-adjusted life-year.
